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ABSTRACT 
In this study, hybrid silica prepared by a sol-gel technique and doped with a photochromic 
dye was used to produce photochromic coatings on fabric surfaces. The coated fabrics 
showed a strong photochromic effect with very fast optical response speed. Good coating 
adhesion was obtained on wool fabrics. The photostability of the photochromic fabrics was 
improved by three different processes: adding a photo stabilizer, adjusting the surface 
wettability and sealing off the dye-containing pores with additional silica coating. Four UV 
stabilizers were added separately to the photochromic silica coatings to investigate their 
influence on the photostability and photochromic behaviour. The addition of UV stabilizers 
retarded the photochromic response and reduced photochromic absorption, but increased 
photochromic lifetime. Among the four UV stabilizers studied, the quencher resulted in the 
best improvement to the photostability with minimal reduction in the photochromic 
absorption. Increasing the hydrophobicity of the coating, and sealing-off the dye-containing 
pores were also found to improve photostability. 
INTRODUCTION 
Colour changes in response to a stimulus of light, photochromism, are an interesting 
phenomenon that has been used to develop “smart” optical devices. The use of 
photochromism in textiles will create new opportunities to develop smart garments capable of 
blocking UV radiation and/or sensing environmental changes, as well as displaying fancy 
colour-changing effects. In our previous study (Tong Cheng et al., 2007), we have embedded 
a photochromic dye into organic-inorganic hybrid silica via a sol-gel process to form 
photochromic silica surface coatings on wool fabrics. The resulting photochromic coating 
exhibits a strong photochromic effect with rapid response and small influence on fabric 
handle. However, photo-durability was still low. In this study, the photostability of the 
photochromic fabrics was improved using three different methods: incorporating photo 
stabilizer, increasing the surface wettability and sealing off the dye-containing pores with 
additional silica layer. 
MATERIALS AND METHODS 
Silica sols were prepared by mixing tetraacetoxysilane (TAS), octyltriethoxysilane (OTES), 
ethanol and water with a molar ratio of TAS: OTES: H2O: Ethanol = 1:32:100:320. A 
photochromic dye-ethanol solution containing additive (e.g. stabilizer) was then mixed with a 
synthesised sol-gel solution. Wool fabric was padded with the solution, air-dried and cured at 
110 °C. To seal off the dye-containing pores, a second layer of OTES sol containing no dyes 
was applied. 
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RESULTS AND DISCUSSION 
The chemical structure and photochromic transformation of the dye are shown in Fig. 1. 
 
Fig. 1: Structure and photochromic reaction of spirooxazine 
Typical optical absorption spectra of the photochromic dye-OTES silica coated fabric 
samples in the presence and absence of UV irradiation are shown in Fig. 2a. Fig. 2b shows 
real-time optical absorption spectra of the photochromic fabric at 620 nm. The optical 
absorption reached a saturated state within a few seconds of UV irradiation, and the 
absorption decreased quickly to the original state as soon as the irradiation was stopped. The 
optical response and fading speed can be calculated based on the UV exposure period 
required to reach half of the saturated absorption (t1/2) and the initial fading period to reduce 
to half of the saturated absorption (t'1/2 ) after UV exposure. 
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Fig. 2: a) optical absorption spectra and, (b) colouration-decolouration curve of a 
photochromic fabric.  
 
Three methods were used to improve photo durability: adding photo stabilizers, increasing 
surface hydrophobicity using a fluorinated alkyl silane (FAS), and sealing-off the 
photochromic coating with additional silica coating. Four photo stabilizers were added 
separately to the photochromic silica coatings to examine their influence on the photostability 
and photochromic behaviour. They included UV absorbers (HMBP and Tinuvin 329), a UV 
quencher (UV-1084), and a free radical scavenger (HALS-622), as shown in Fig. 3. 
UV-1084 HALS-622 Tinuvin 329 HMBP 
Fig. 3: Chemical structure of the UV stabilizers used in this study 
UV absorbers, HMBP and Tinuvin 329, absorb UV irradiation and dispose of it in the form of 
heat. The quencher, UV-1084, captures the photochromic dye’s energy and dissipates it as 
heat, fluorescence, or phosphorescence emission. Hindered amine light stabilizer, HALS-622, 
a free radical scavenger, protects the dye from oxygen free radicals by energy transfer or 
peroxide decomposition.   
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Photostability was measured using two methods. In the first method, samples were exposed 
continuously to a strong UV light source, and any changes in the photochromic absorption 
were recorded as a function of the UV exposure time. The photochromic lifetime was 
recorded. In the second method, the changes in absorption intensity at 620 nm were recorded 
continuously while the ultraviolet light was switched on and off at certain intervals. The 
number of cycles that could be performed before the photochromic effect was no longer 
observed was recorded. 
Table 1: Photo response and stability data of photochromic wool fabrics* 
 
t1/2 (s) t′1/2 (s) Lifetime ( hrs ) 
Number of 
cycles 
UV-1084  9.2 8.9 132 968 
Tinuvin-329  7.8 9.2 102 592 
HMBP  6.2 8.3 98 585 
HALS-622  5.6 7.8 116 808 
Control  5.1 8.0 106 780 
* Stabilizer: photochromic dye (1:1 mol/mol) 
The photochromic response and photostability results are listed in Tab. 1. Adding photo 
stabilizer slightly reduced the optical response speeds. The addition of free radical quencher 
and scavenger, UV-1084 and HALS-622, improved the photostability, while the UV 
absorbers, Tinuvin-329 and HMBP, slightly reduced the photochromic lifetime. When FAS 
was added to the silica photochromic coating, the surface water contact angle was increased 
slightly from 121 to 132º. This small increase in hydrophobicity resulted in an improvement 
in the photochromic stability, but did not affect other photochromic properties significantly. 
Furthermore, the additional silica layer improved the photo durability. 
CONCLUSIONS 
Hybrid photochromic silica surface coatings were produced on wool fabric using a 
spirooxazine dye and a long alkyl chain silane. To improve the photostability, four UV 
stabilizers were added to the photochromic coating. The addition of UV stabilizers slightly 
reduced the photochromic absorption and retarded the photochromic response. However, it 
resulted in a considerable improvement of photochromic lifetime. Among the four UV 
stabilizers studied, the quencher showed the best improvement to photostability with minimal 
reduction in the photochromic absorption. Increasing the hydrophobicity resulted in an 
increase in the photostability and cycling lifetime. Furthermore, sealing-off the dye-
containing pores led to an improvement of both the aforesaid properties. 
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